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On the computation of non-normal Pad6 approximants 
G. Claessens and L. Wuytack (*) 
ABSTRACT 
Several basic techniques are described for computing Pad~ approximants which are not normal. 
These techniques are modifications of some known methods for the computation of normal 
Pad6 approximants. 
1. INTRODUCTION 
In [2] a survey is given of several algorithms for the 
computation of the Pad6 table of a formal power 
series, under the assumption that the Pad6 table is 
normal. In the present paper some basic techniques 
are given which can be used to modify the algorithms 
of [2] to the non-normal case. Reference is also made 
to some recent methods, which are not mentioned 
in [2]. 
Suppose aformal power series f of the following form 
is given 
oo  
f(x) = i~0 ci" xi with c o ~ 0 (1) 
Pm,n be the Pad6 approximant of order I~et rm, n -  qm,n 
(re,n) for f. This means that Pm,n and qm, n are irre- 
ducible polynomials of degree at most m and n respec- 
tively, satisfying 
f (x) .  qm,n(X) - Pm,n(X) = 0 (x m + n +j), (2) 
where j is an integer which is as high as possible. We 
assume that Pm, n is normalized such that 
qm,n 
qm, n(0) = 1. In the case of a normal Pad~ approxi- 
mant we have thatj = 1 and, moreover, Pm, n and 
qm, n have degree m and n exactly. 
In case the Pad~ table is not normal it is known that it 
is composed of square blocks with equal elements 
(this is the so-calhd "block structure" of the Pad~ 
table, see [5, p. 13]). Most of the algorithms for com- 
puting the elements of the Pad6 table show some dif- 
ficulties as soon as non-normal elements must be com- 
puted. Here we will illustrate how these difficulties 
can be overcome. 
In § 2 some basic identifies, relating certain elements 
in a Pad~ table, are given. These identities are then 
used in §3 to describe the form of certain continued 
fractions whose convergents form a staircase in the 
Pad6 table. It will also be illustrated how the coef- 
ficients in these continued fractions can be computed. 
This gives e.g. rise to a modified qd-algorithm for com- 
puting non-normal Pad6 approximants in §4. In §5 a 
generalization ofWynn's identity to the non-normal 
case is derived. This identity can be used to derive a 
modified e-algorithm for constructing non-normal 
Pad~ tables. 
2. SOME BASIC IDENTITIES AND PROPERTIES 
First we mention some properties which follow from 
certain classical results on continued fractions. 
Lemma 1 
Let every two consecutive elements in the sequence 
P~ Of (~e dU cibie )ratio n~ functions ~th 
LqiJ  i>0 
q0 = 1 be different from each other, then the n-th con- 
vergent of the continued fraction ~0 + x2;1.= ~ ai ] is 
Pn 
equal to -q-n--n if 
~0= P0 ' a l  = P l -q l 'P0 '  ~1 = ql and 
cti= 
Pi" qi-1 - P i - l "  qi 
Pi-2" qi-1 -P i - l "  qi-2 
/3 i = Pi -2" qi - Pi" qi-2 for i ~ 2. 
Pi-2 "qi-1 - Pi-1 "qi-2 
(*) G. Claessens and L. Wuytack, Department of Mathematics, University of Antwerp, Universi- 
teitsplein 1, B-2610 Wilrijk (Belgium) 
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Applying a classical theorem on continued fractions 
[8, p. 198] followed by an equivalence transformation 
[8, p. 196], [10, p. 19] gives the required result. 
Lernma 2 
Let[.tAi~Bi J i t> 0 be the convergents of the continued 
~ then the convergents fraction ~0 + i~1 [~i ' 
~A!~ of the continued fraction 0~ + i__Z1 ~ 
[Bi J 
with 
a i=a i, ~i=~i for i=0 ,1  . . . . .  n 
an+l=an+l ' l~n+ 2, l~n+l=~n+2.~n+l+an+ 2 
an +2 = -an + 2" an +3/~n +2'/3n+2 =~n +3 
+ an +3/~n + 2 
a i=a i+ l ,  / / i=~i+l  fo r i=n+3,  n+4 .. . .  
satisfy the relations : 
A i=A i, B i=B i for i=0,  1 ..... hand 
A i+ I=A 1, B i+ I=B~ for i=n+l ,n+2, . . . .  
Roof 
The convergents of the given continued fraction satis- 
fy certain recurrence relations [8, p. 51, [10, p. 151. 
If A n + 1 and B n + 1 are eliminated from these rela- 
t-ions and using the definition of tzi, ~ for i ~ 0 we 
get the required result. 
Lemma 3 
Let every three consecutive elements in the sequence 
of convergents of~0 + i=~1 cti be dif- 
ferent from each other then 
(An+I An)-1 (An An-l)-I 
Bn ; + B n 
2 
~n + 2" ~n + 1 " Bn 
An+2" Bn-An 'Bn  +2 
Proof 
This relation can be verified by using the recurrence 
relations between succesive convergents [8, p. 5 and 
16]. 
Before proving some relations between different ele- 
ments from the Padd table for f we introduce some 
notations. If g is a power series the n o (g) denotes the 
lowest exponent of x in g having a nonzero coefficient. 
If p is a polynomial then d(p) denotes the degree of p. 
be~/ma 4
Let r I = P1 and r 2 = P2 be two elements from the 
ql  q2 
Pad6 table of fwith a (f. qi - Pi) = ai for i = 1, 2 and 
o I < 02, then there exists a polynomial u with 
d (u) = d (Pl" q2 - P2" ql) - 01 and u(0) ¢ 0 satisfying 
Pl"  q2 -P2"q l  = x° l 'u"  
Proof 
Consider Pl " q2 - P2" ql = ql • (f" q2 -P2) - q2" (f 'ql -P l) '  
Using ql(0) = q2(0) = 1 and the assumptions of the 
al  lemma we get p l .  q2-P2,  q l= x . u where u is a 
polynomial of the required egree and with u(0) ¢ 0. 
A similar result as the one mentioned in lemma 4 is 
given in [5, p. 28] together with some special cases, 
which correspond to the identities of Frobenius. Using 
lemma 4 the following result can be proved. 
Lemma 5 
Pl P2 _ P3 
Let r l=~l '  r2=~2'  r3 -  q'3 be three elements 
from the Pad~ table of f with o (f. qi - Pi) -- ai for 
i = 1, 2, 3 and 01 < a 2 < 03, then there exist three 
polynomials u, v, w with w(0) ¢ 0, v(0) = u(0) ~ 0 and 
d(w) = d(P3. q2-P2"  q3) -  °2 ' 
d(v) = d(P l .q3 -P3 ,  q l ) - ° l '  
d (u) = d (P2" ql - q2" P1) - °1 satisfying 
02 - a 1 
u .P3=v.  P2 + x .w .  Pl 
02 - 01 
u.  q3 =v" q2 + x . w.  ql 
Proof 
From 1emma 4 we get the existence of polynomials 
u, v, w of the required egree such that 
a 2 
P2"q3-P3"q2=x .w 
o 1 
P2"q l -P l "q2  =x .u 
a 1 
P3"q l -P l "q3  =x .v 
Since (P2" ql - Pl • q2) " P3 = (P3 "q l -P l "  q3)" P2 
- (P3" q2 - P2" q3) " Pl we get 
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U.P3=V.P2+X u2-"1 .w.pl. A&r&t-result 
holds between the denominators. The relation 
v(0) = u(0) + 0 holds since v(0) and u(0) are both 
equal to the first nonzero coefficient in f.ql - pl. 
In case al = o2 or u2 = a3 in lemma 4 or 5 then simi- 
lar results hold without the property that u(O) + 0 or 
w(0) + 0. If the Padk table is normal and rl = rm I n, 
- 3 
r2 = ‘m, n ’ r3 = rm,n’+ 1 then lemma 5 implies the 
existence of a constant C such that 
pm,n + 1 = pm,n + c*x’Pm_l n , 
and similarly for 
the denominators. Relations of this type were used 
in [l, 6,9] for computing normal Pade approximants. 
In the same way lemma 5 can be used to derive algo- 
rithms for constructing pm n 
, 
and qm 
, 
n in the non- 
normal case, starting from the elements in the fast 
row or column of the Pad; table. 
3. CONTINUED FRACTION REPRESENTATION 
OF “STAIRCASES” IN NON-NORMAL PADh 
TABLES 
In the case of a normal Padk table it is possible to con- 
sider continued fractions whose convergents are the ele- 
ments on a staircase in the PadC table. Depending on the 
form of the continued fraction several types of stair- 
cases (descending or ascending) can be represented. 
Since several elements on a staircase in a non-normal 
Pad6 table might be equal the usual representations as 
continued fractions do not apply directly to this case. 
It is however possible to define other types of stair- 
cases whose elements again can be represented as the 
convergents of certain continued fractions. In order 
to illustrate our ideas we first consider the case of a 
Pad6 table having a block of 4 equal elements. Let 
the sequences Tk for k > 0, Tm _ n _ l and Tm _ n 
be defined as follows : 
T&_n_.I = Tm_n_l without rm n+l and with 
, 
rm n+2 insteadofrm+l n+l , , 
Tk_n=Tm_nwithoutrm+.I nandwithrm+2n 
, 7 
instead of rm+l n +.I. 
If the elements of Tk are different from each other 
then there exists a continued fraction gk of the fol- 
lowing form 
gktx) = rk,O(x) + 
k+l 
.X 
I, 
k+l 
with Ck+l + 0, qi # 0, ef+l + 0 whose conver- 
gents are equal to the elements of Tk (see [8, p. 4491, 
[lo, p. 3801). To handle the case of a PadC table with 
4 equal elements we consider continued fractions 
gm_n-1 and G-n of the following form 
m-n 
C 
g&_n_l(x) = rm_n_l,o(x) + 1 m_n ;* 
I 
.x I) 
1 fm-;, .x; 1 
1 +A2m-n .x 
;Im-n’. x 1 Aim-“‘. x 
1 I l+A;I-?x 
(m-4 
+i=;+3(- qi 
, 1 .“I /p-yx I, 
m-n+ 1 
G_,(x) = rm_n,O(x) + im-n+1 *x I 1 
Theorem 1 
Letrm n=rm n+l=rm+l n=rm+l n+landallother 
elemenis in thk PadC table fdr f be normal, then there 
exists continued fractions &_n_l and &_n with coef- 
ficients different from zero, whose converge&s are equal 
to the elements of T&_n_l and T;“n_n respectively. 
Proof 
Using lemma 1 it is possible to construct a continued 
fraction whose convergents are the elements of T&-n-l, 
since all elements in Tm_n_ .I are different from each 
other. Making use of lemma 4 and 5 this continued frac- 
tion reduces to a continued fraction of the required 
form. A similar construction can be done to relate 
T* m-n and g-n’ 
The above theorem applies to the case of a block of 
order 2 in the Pad4 table. If there is a block of order p, 
having rm,n’ ‘m,n+p-l7 rm+p-l,n and r m+p-l,n+p-1 
as corners, then a similar construction can be done to 
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find a continued fraction gm-n-p +k whose conver- 
gents are the elements of 
Tm-n-p +k - (rm-n-p +k,0 ..... rm,n +p-k - l '  
rm, n+p' rm+ 1,n+p' rm+ 2,n÷p ' " "  rm+k+ 1,n +p' 
rm+k+l ,n+p+l , . . .}  fork= 1,2,3 ..... p-1. 
This continued fraction has the following form 
xS+ 1 
g~-n-P+ k(x) =rs, 0(x/ +l cs+l'l I 
m-s-1 q!s+l) .x{_e  i(s+l) .x I 
+ z ( -  '1 
i=l  [ 1 [ 1 
A (P) xk+ 1 
+ k~l" [ 
. (P )  . (P )  k 11 + x + ... + ¾,z .x  
A (p) k A (p)k,k+2+j.x + k~k+2"x [ + 2~ 
-Ak,k + 2 +jx 
_(s + 1) (s + 1) 
÷ z (_ q l . x [ _  e i .x l1  , 
i=n+p+ 1 [ 1 [ 1 
where s= m - n - p + k. 
Similar continued fractions can be constructed whose 
convergents are the elements of the corresponding 
staircases passing below the block of equal elements. 
In the general case where the Pad6 table is a combina- 
tion of blocks with equal elements it remains possible, 
using the same technique, to construct continued frac- 
tions whose convergents are the elements of certain 
staircases in the Pad~ table. The onl~r estriction is
that these staircases must contain elements which are 
different from each other. From the preceding results 
it is dear that the length of the stairs will fix the form 
of the corresponding continued fraction.. 
The above considerations also apply to situations 
where an arbitrary sequence of (different) Pad~ ap- 
proximants ~considered, not necessarily forming a 
staircase in the Pad6 table. It is e.g. also possible to 
construct continued fractions whose convergents are 
the elements of a sequence T~, containing only these 
elements of T k which are different from each other. 
The choice of the sequences T~ was made in order to 
get progressive agreement of the power series expan- 
sions of the elements of this sequence with the original 
series (1). 
In case ascending staircases in the Pad~ table are con- 
sidered, the omission of equal elements on a certain 
staircase gives rise to continued fractions having a 
simpler structure than continued fractions correspond- 
ing to staircases which surround the blocks in the 
Pad6 table. This can be explained by the fact that the 
elements in the Pad~ table for which m + n is constant 
have to agree in the same way with the original power 
series (1). Using dements on more than two diagonals 
will in this case complicate the structure of the cor- 
responding continued fraction. 
4. MODIFICATION OF THE QD-ALGORITHM TO 
THE NON-NORMAL CASE 
Using the continued fraction representation f the ele- 
ments on a staircase in a normal Pad6 table it was pos- 
sible tO construct algorithms for computing these ele- 
ments. The qd-algorithm is the most classical of this 
class of algorithms. Other algorithms are given by W. B. 
Gragg, P. J. S. Watson and H. C. Thacher. 
The technique, described in the previous ection, makes 
it possible to derive continued fractions representing 
certain staircases in a non-normal Pad6 table. Under 
certain conditions about he form of these continued 
fractions an algorithm ofJ. A. Murphy and M. R. 
O'Donohoe [7] can be used to Fred their coefficients. 
This algorithm computes these coefficients directly, 
without making use of the coefficients appearing in
continued fractions related to neighbouring staircases 
(this is in contrast to the modified qd-algorithm). The 
algorithm is therefore of interest ff only one element 
or only dements on the same staircase in the Pad6 
table must be computed. 
We will now show how the qd-algorithm can be modi- 
fied to apply it also in the case of a non-normal Pad6 
table. Let the continued fraction corresponding to the 
sequence T k be given by 
k+l  ~o (k+l) Ck+l.X I+  (_qi .xi 
gk(x) = rk, 0(x) + ] 1 i=1 [ 1 
(k+ 1) 
_e  i .x  I1. 
I 1 
The classical qd-algorithm (forward form / computes 
the coefficients in this continued fraction as follows • 
e(ok)=o, q~k)_ Ck+ 1 for k~>l 
c k 
e(k) e(k+l) (k+l) (k) 
= n-1  + qn  - qn 
q(k) (k+l)  e(k+l) fo rk> landn~> 1
n+l  = qn n 
• e (k )  
n (3 )  
Let us first consider the case of a Pad~ table having a 
block of four equal dements, namely 
rm,n = rm,n+ 1 = rm+ 1,n = rm+ 1,n+ 1" This implies 
(m-n) e(m-n+l)= (m-n+1) (m-n) 
qn+l = n qn+2 =en+2 = 0and 
(m-n) (re,n+1) (m-n) e(m-n+l)  
en + 1 ' qn + 1 ' qn + 2 and n + 1 are infinite. 
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Consequently certain elements in table 1 cannot be 
computed. In order to avoid this difficulty the foL 
lowing result can be used. 
Table 1. Part of the elements computed by the qd- 
algorithm 
(m-n+l) 
e n 
(m-n+2)  
e n 
(m-n  + 2) 
qn " 
e(m-n-l) 
n+1 
(m-n) (m-n-l) 
qn+1 qn+2 
(m-n) 
en+ 1 
(m-n+ i) ,, (m-n) 
qn+l "~n+2 
e(m-n+l)  
n+l  
(m-n+ 2) (m-n+1) 
qn+ 1 qn+ 2 
e(m-n+ 2) 
n+l  
Theorem 2
Let rm, n = rm,n+ 1= rm+l, n = rm+l,n+ 1 and all 
other elements in the Padd table for f be normal, then 
the following relations hold : 
A~m-n) = (m-n- l )  (m-n- l )  (m-n) (m-n- l )  
en+l  " qn+2 ' A2 =-qn+ 2
A(3 m-n) e(m-n-1)A(4m-n)_q(m-n-1)  
= n+2 ' - n+2 (2.1) 
A(m-n+l) (m-n+2) e(m-n+2) A(2m-n+l) 
1 =qn " n ' 
(m-n+2) A(m-n+l) (m-n+2) A(4m-n+l) 
= - en ' = qn  + 1 ' 
(m-n + 2) 
= en + 1 (2.2) 
(m-n) e(m-n-1) (m-n- l )  (m-n+1) (m-n+2-) 
en " n + 1 " qn + 2 = qn "qn 
(m-n  + 2) 
- e l l  
q(m-n- 1 )n+2 + e(m-n-  1) -n+2 _ en(m-n+ 2) 
(.2.3) 
(m-n  + 2) 
+ ,in+ 1 • 
(2.4) 
(m-n- l )  (m-n- l )  (m--n-l) (m-n- l )  
en+2 " qn+3 + en+l " qn+2 
(m-n+ 2) e(m-n+ 2) (m-n+ 2) (m-n+ 2) 
=qn+l  " n+l  +qn "en 
(2.5) 
(m-n- l )  (m-n- l )  (m-n) 
en+2 "qn+3 "qn+3 
(m-n+ 2) (m-n+2) (m-n+ 1) 
= qn+ 1 " en+ 1 " en+ 2 • (2.6) 
Proof 
In order to derive the relations (2.1) we observe that 
the sequences Tin_n_ 2 and Tin_n_ 1 have the dements 
of the sequence s 1 = (rm_n_l,0, rm_n, 1 ..... rm_l,n, 
rm, n, rm,n+ 2, rm+ 1,n+ 2, rm+ 2,n+ 3 .... } in common. 
Starting from gm-n-2 and g* -n -  1 and by using the 
principle of contraction [8, p. 200] and lemma 2, we 
can construct two continued fractions of the same form 
having both the elements of s I as their sequence of con- 
(m-n- l )  
en+2 
(m-n-l)  
qn+3 
vergents. Expressing that the corresponding coefficients 
then must be equal we get the wanted result. By mak- 
ing a similar construction for Tin_n+ 1 and T*_n we 
get the relations (2.2). 
Repeating the same technique, starting * from T m-n-1 
and Tm_n, which have the elements of the sequence 
{rm_n, 0 , rm_n+ 1,1 ....... rm, n, rm+ 2,n+ 2, rm+3,n+ 3 .... } 
in common, we get the relations (2.3)-(2.6). 
, The relations (2.3)-(2.6) make it possible to compute 
(m-n- l )  e(m-n-1) (m-n- l )  (m-n) 
qn+2 ' n+2 'qn+3 andqn+3 .All 
other elements before and behind the "non-normal 
part" of table I can be computed using the relations (3). 
The relations (2.1) and (2.2) give the coefficients in
the "non-normal part" of gin_n_ 1 and gin-n" 
Remark that the relations (2.3)-(2.6) are identical with 
the singular rules ofP. Wynn [11, p. 181] for the for- 
ward form of the qd-algodthm. He derived them in a 
formal way, without pointing out their connection 
with the corresponding continued fractions. 
In case the Padd table has a block of order p, a similar 
technique can be used to find the elements in the "non- 
normal part" in table 1 and for computing the coef- 
ficients in the "non-normal part" of g*_n_p + k for 
k=1,2  ..... p -1 .  
Theorem 3
Let the Pad6 table for f contain a block of order p 
with rm,n, rm,n+ p- l '  rm+ p- l ,n and rm+ p- l ,n+p-1 
in its comers, then the following relations hold : 
A(p)  (m-n-p+i) (m-n-p+l) A(p)_ ~(m-n-p+l) 
1,1 =-en+p-1 " qn+p ' 1,2--'In+p 
(m-n-p + 1) 
A(IP,3) =-en+ p
(m-n-p + k) 
A (kP,~ = en+p_ k - 
A(kP ! = A(kP_)l,i_ I 
A(p) (m-n-p+1) 
' 1,4 =-qn+p+l and 
2=-qn+p+l , 
for i= 2, 3 ..... 2k+ 1 andk > 1 
(3.1) 
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(m-n-p+1) ~ (m-n-~ 1-i) 
qn+p " en- l+ i  i= l  
(m-n+i) (m-n+p) P qn = e n (3.2) 
i=1 
(m-n +p )qn+p(m-n-p+l)  en+p(m-n-P + 1) = e(m-n+P) + qn+ 1 
(3.3) 
(m-n-p+1) ~ e(m-n_p+j)  e (m-n+p+l )  
qn+p ' " j= l  n+p- j  + n+p 
" j i l~(m-n-p+J)~ ~n+p+l  =en(m-n+P) J ~lqni (m-n+p+l- j )  
(m-n+p) ~ (m-n+p+ l-j) 
• en+ j + qn+l  j =1 
fo r i= l ,  2 .... ,p -1 .  (3.4) 
(m-n+p+l)  P ~(m-n-p+j)  
en+p ' j~ l  "in+p+ 1
(m-n+p) P (m-n+p+l - j )  
• e n + j  = qn+l  j =1 (3.5) 
Using these relations it is possible to compute 
(m-n-p+1) (m-n-p+1) (m-n-p+i)  
qn+p ' en+p ' qn+p+l  for 
i = 1, 2,..., p. Combinations of the rules given in 
theorem 2and 3 can be used to handle the general 
case where blocks of different length are combined. 
In the same way as above modified rules can be ob- 
tained for finding the coefficients of the continued 
fractions representing ascending staircases in the Pad6 
table. 
5. GENERALIZATION OF WYNN'S IDENTITY TO 
THE NON-NORMAL CASE 
In the case of a normal Pad~ table the following iden- 
tity holds between 5neighbouring elements in the 
Padd table [13, p. 266] : 
(rm.1, n - rm, n )-1 + (rm+ 1, n - rm, n )-1 
= (rm, n_ 1 - rm,n )-1 +(rm, n+ 1 - rm,  n )-1 . (5) 
This relation, known as Wynn's identity [5, p. 29], 
can be extended to the non-normal case as follows : 
Theorem 4
Let the Padd table for f contain a block of order p 
with rm,n, rm,n+p_l, rm+p_l,  n and rm+p_l,n+p_ 1 
in its comers, then 
(rm-l,n-1 +i - rm,n )-1 + (rm+p,n+p-i - rm,n )-1 
r m +p_i,n+p- rm,n) -1 = (rm- l+ i ,n -1 -  rm,n )-1 + ( 
(6) 
~r i  = 1,2 ..... p. 
Proof 
For simplicity of notation we give the proof only for 
the case p = 2. The same technique can be used in the 
general case. 
Using lemma 2 we construct a continued fraction hav- 
ing the same convergents a g~a-n-l' without rm + 2,n" 
Then applying lemma 3 we get 
(rm+ 1,n+ 2 - rm,n )-1 + (rm,n - rm- l ,n  )-1 
(m-n-i),;. x]. [qm,n] 2= [1 - (q"~-1)  + en+2 (7) 
Pro+ 2,n+2 " qm,n-  Pm, n " qm+2,n+ 2 
Similarly eliminating rm,n+ 2in the sequence of con- 
vergents orgy_ n by using lemma 2 and then using 
lemma 3 we get 
(rm+ 2,n+ 1 - rm,n )-1 + (rm,n - rm,n-1) -1 
. (m-n+ 2) (m-n+ 
= [1 - ten  +qn+l  2) ) 'x ] ' [qm'n]2 (8) 
Pm+2,n+2 " qm, n - Pm,n " qm+ 2,n+ 2 
Combining (7), (8) and using (2.4) we get the required 
result. 
The relation (6) was also obtained by F. Cordellier [3] 
using quite different techniques. 
In the case of normal Pad~ approximants relation (5) 
can be used to compute these approximants starting 
from the First column in the Pad~ table. The resulting 
algorithm isknown as the e-algorithm [12, p. 159]. 
In a similar way, starting from (6) instead of (5), it is 
possible to derive an algorithm, which generalizes the 
e-algorithm and makes it possible to compute the ele- 
ments in a non-normal Padfi table recursively. As is 
well-known this type of algorithms are especially use- 
full if one is interested in knowing the value of a Pad~ 
approximant a a certain point. 
6. CONCLUSION 
Using certain relations between the elements of non- 
normal Padd tables we illustrated how some algorithms, 
for computing normal Pad~ approximants, can be modi- 
fied to compute non-normal Pad6 approximants. The 
practical implementation f these algorithms becomes 
rather involved if the most general cases must be cov- 
ered. Even more involved is the problem of stability 
for these algorithms, which was/lot reated in this 
paper. 
ADDITIONAL REMARK 
Recently A. Bultheel [17, 18] has studied the computa- 
tion of non-normal Padd approximants by another 
type of approach. The division and recursive algorithms 
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given in [17, 18] seem to be more practical. We refer 
to his work  for more details and for more references 
to the l i terature. 
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